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LOS ALAMOS PWR FEED-AND-BLEED STUDIES
SUMMARY RESULTS AND CONCLUSIONS*

by

B. E. Boyack. R. J. Henninger and J. F. Lime
Safety Analysis Group
Energy Division
Los Alamos National Laboratory

ABSTRACT

The adequacy of shutdown decay heat removal in
pressurized water reactors (PWRs) is currently under
investigation by the Nuclear Regulatory Commission. One
part of this effort is review of feed-and-bleed procedures
that could be used if the normal cooling mode through the
steam generators was unavailable. Feed-and-bleed cooling is
eifected by manually activating the high-pressure irjecticn
(HP1) system and opening the power-operated relief valves
(PORVs) to releuase the core decay energy.

The feasibility of the feed-and-oleed concept as a
diverse mnde of heat removal has been evaluuted at the Los
Alamos Natjonal Laboratory., The TRAC-PF1 code has been used
to predict the expected perfarmances of the Ocoree-1 and
Calvert Cliffs-1  reactors of  Babcock and Wilcox arnd
Combustior krnpineering, respectively., and the Zion-1 and
II. B. Robinson-2 plarts of West:nghouse. leed and hleed was
successfullv applied in each of the lour plants studied,
previded 1t was  iritiated no later thar the time of
Joss-of-secondary heat sink.

leed and bleed was successfully applied in two of the
plants, Oconee-1 and Zion-1, provided it was irnitiated no
lauter than the time ol primary system saturation. leed and
bleed n Calvert Clifuis-1 when initiated at the time ol
primaryv  system  saturation did result n core dryout:
however., the corc heatup was eventually terminated by
coolart anjection. Feed and bleed initiatior at primary
system suturation was not studied for II. B, Robinson-2,

Insights developed during the analvses ol specific
plant transients have been identified and documented. Based
on the detarled results from the specific plant studies and
the insiphts develuped, feed-and-bleed feasibility
statements for  the four plants studied in detail are
extended to Jarper gproups of  PWRs for which speciflic,
detarled analyses have not been perlformed.  These extension
statements are fargely based on anspection for similarity of
NPT debivery characteristios and PORV reliel capacities.

“Thiv work was funded by the US NRC OFfaces of Nudlear Repulatory Rescarch and
Reactor Regulation,



1. INTRODUCTION

The U. S. Nuclear Regulatorv Commission (NRC) has identified a nuamber of
nuclear-suletv issues requiring further irvestigation. These have beer
designated as unresolved safety issues (USls), and action plans have been
prepared to resolve them. This paper describes one part of the effort to
resolve USI A-45, Shutdown Decay-Heat Removal[1].

Feed and bleed has been proposed as one method of removing decay heat from
pressurized waier reactors (PWRs) following total loss of feedwater (LOFW).
Feed and blecd is a pirocedure in which coolant is injected into the primary
system by safety and/or non-safety grade systems (feed). absorbs the core-decay
heat, und 1+ released to the cont;inmenl (bleed) through the power-operated
reliel valves (PORVs). Feed-and-bleed procedures are of interest becausc they
would use equipmert already existirg in the plants. The specific steps taken in
the leed-and-blezed procedure consist of (1) lecking vper the pressurizer PORVs,
(2) anitiating satetv-injectiorn (SI) flow, and (3) tripping the reactor-coolant
pumps (RCPx),

This studv had several objectives, The first was to evaluate the success
or farlure of feed and bleed for a limited number of PwRs, A detailed
evaluation was performed for four plants. They were the Oconee-1 and Calvert
Cliffs-1 plants of Babcock and Wilcox (B&W) and Combustion Engineering (C1),
respectively, and the Zion-1 and II. B. Robinsor-2 plants of Westinghouse (W),
Zion-1 and Il B. Robinsen-2 are W d4-lTcop and 3-loop plants, respectivelv., A ¥
2-ioop plart was net studied in detail. Existing detailed models of cach plant
were adapted  te studv feed-and-bleed  transierts  and @ peneral  systenm
thermal -hvdraulios computer code was used te simulate  nodetail the performance
of cach plart tollowinp selected imitiating everts,  The secend study objedtive

wiav  to adentily  both  plart  speaific and  penerac ansaphts about  the
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feed-and-bleed procedure based on the detailed plant analyses perfcrmed. The

final studv objective was to extend the plant-specific conclusions to the

broadest possible group of PWRs.

2. METHOD

The detailed plant models were developed at the Les Alamos National
Laboratory in recent years. The Oconee-1[2]. Calve-t Cliff-1[3], and
H. B. Robinsor-2[4] plank. models were developed for pressurized thermal :shock
studies. The Zion-1 model was developed specifically for the feed-and-bleed
study. The transients were calculated using the TRAC-PI'l computer code[5]. The
TRAC-PF1 code was developed at Los Alamos National Laboratory under the
sponsorship of the NRC tn provide advanced best-estimate predictions of
postulated accidents in light-water reactors. Major code features include a
full two-fluid (six-equation) hydrodynamics model to describe steam-water [low,
o [low-regime dependent constitutive equation package. a comprehensive
heat-trarnsfer modeling capability. and an efficient computational algorithm for
one-dimensional components. In uddition, the vessel can be modeled 1n
three-dimensiorns il accurate vcalculation of complex multidimensional flow
putterns inside the reactor vessel is important during the transient.

Because there is irnterest in the plant transition from reactor trip to
both & hot. pressurized holding condition and to hot shutdown (entry conditions
for either the residual-heat-removal (RHR) or Jlow-pressure-injection (LPI)
systems). we have identilied c¢riteria to measure the success or failure of
feed-and-bleced procedure 1n each case.  For trarsition Irom reactor trip to a
hot, pressurized holding condition, we define success as attainment of a stable
pramary  svstem  having  the loliowing  three charvacteristics, First. the
primarv-system pressure s above the actuation pressures for both the LPI svstiem

and accumulators,  Scecond, primary system and vessel mass inventaries are stable
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or increasing. Third, fuel-rod cladding temperatures are rnear or helow the
primary saturation temperature with ro departure {rom nucleate boilirg (drvout).

This is a short-term success criterior in that further actions must be
taken within a limited time to insure lonp-term success. 5Huch actions include
restoration of secondarv-side «¢ncling or initiatior of suction from the
containment sump combined with pumping the sump fluid to the high-pressure
injection (HPI) system inlet pressure. For transition from reactor trip to hot
shutdown. we defire success as completior of a cortrolled primary-system
depressurizatior and cooldown to achieve conditions permitting long-term cooling
using either the RHR system or the LPI system taking suction [rom the
containment sump.

Initially., we identified a commor set of initiating eventy for
loss-of -secondary cooling, The events were a LOFW event induced by a loss-of-
offsite power, a LOFW initiator with offsite power available. and other events
combined with a LOFW. These were a main-steamline break, a mair-feedline break.
and 4 single-tube steam-penerator tube rupture. We determined that the response
o' the plunt to the LOFW iritiator was the best indicator of plart resporse and
critical  timing durirp o feed-and-blecd procedure. Therefore. only LOI'W
iritiator results are reported here.  Additional results are presented 1r the

Iinal study reportfe].

3. DETAILED PLANT KESULTS
In the following sections we briefly describe each plant for which

detailed plart transient analyses were performed and summarize kev results,



3.1 Calvert Cliffs-1

Calvert Cliffs-1 is a 2700 MWt C-L PWR operated by Baltimore Gas and
Electric Company. The plant has two hot legs and four cold legs. The two steam
generators are wvertical shell and U-tube units. The reactor coolant is
circulated by four RCPs. An electrically heated pressurizer is cornected to the
hot leg of one loop. Primary system overpressure protertion is provided by two
PORVs and two spring-loaded safety relief valves (SRVs) connected to the
pressurizer. The SI system includes HPl and LIl capadility as well as charging
flow and accumulaters. Three chargirg pumps deliver a small flow totaling
8.3 kg/s (18 lbm/s) independent of primary system pressure. The HPI pumps have
a shutoff pressure of 8.8 MPa (1275 psia). Above this pressure. only charging
flow i« possible. Four accumulators are provided. each connected to one of the
four cold legs. Shutdowr cooling car be initiated when the primary pressure and
temperature are below 2.08 MPa (300 psia) and 422 K (300°F). respectively.

Twe Calvert Cliffs-1 LOFW transients will be discussed 1rn detail hecause
thev display the important systems interactions durirng a f(eed-and-bleed
procedure for plants lacking a high-pressure SI capability. Tne first transient
assumed the operators initiated feed and hleed &t the time ¢f loss-ot-secondary
heat sink. This occurred at 1250 s whern the steam-penerator secondaries boiled
drv. We assumed that the feedwater flow dropped to zero instantly at the start
of the transient. The primary system pressure {or this transient 1% shown in
I'rg. 1. The pressure dropped rapidly to the saturation pressure ol the hottest
flurd ir the primary lollowing action by the operator to lock open both PORVs.
HPT flow bhegan as the pressure dropped below the HPT pump shutofl pressure of
§.6 MPa 012735 para). However, tne pramarv ammedrately began to repressurize
because the vapor generated ir the core could ot he relieved through the PORVs

which 1irst passed two-phase [luid ard ther lLiguid bepinning at 1500 . The



-6-

pressure increased above the HP] shutoff head at 2100 s leaving crly the small
chargirp flow to replenish coolunt relieved through the PORVs. By 3600 s the
liguid level 1n the vessel upper plenum dropped to the level of the hot legs and
provided a vapor path to the PORVs. The primary pressure then began to decline
with the greater wvolumetric removal rate through the PORVs, The pressure
declined rapidly at 3800 s as a loop seal cleared, recovered. and then resumed
its slow decline unti] HPI flow recovery occurred at 5600 s. The minimum vessel
liquid mass inventory was reached just aflter WPl initiation but the vessel soon
bepan to refill as shown in Fig. 2. The cladding temperature remained near or
below the core average saturatior temperature throughout the transient as shown
in Fig., 3. We see that the plart was successfully transitioned from reactor
trip to 4 hot pressurized holding condition when the feed-and-Lleed procedure
was  dritiated no  later thar Joss-of -secondary heat sink. Although the
caliulatior was not carried out to RHR or LPl svstem entrv conditions., the
established rates of depressurization and cooldown., 1f marntained., would
transitior the plarnt to entry conditions using orly safety-prade water supplies,

For the second trarsient we assumed the operators delaved initiating
Leed-und-bleed following the loss-of-secondary heat sink until the primary
system  had  saturated. This occurred at 2900 «  or 27.5 minutes  alter
loss-of-secondary heat sink. The primary pressure for this transient is shown
in Fig, 4. Following the LOFW event. the pressure rapidlv decreased and
stabilized at 13,8 MPa (1960 psig). Alter Joss-of-secondary heat sink at
1250 s, the primary began to repressusize.  The PORVs opened initially at 1650 s
ard cveled arregularly to meintarn the system pressure at the PORV setpoint
urtrl the fteed-and-bleed procedure was aritiated at 2900 s, In contrast to the
Pivst Aracsrernt, pramary pressure di' not gritiallv decrease when the PORVS were

Locked apen. Rather, the primary Yepar to pressurize because the PORVS were
] § ]
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passing two-phase fluid. which had a lower rate of volumetric relief tharn the
vapor generatior rate ir the core. The primaryv mass depletion was very rapid
after the POKVs were locked open and by 3900 s the upper plenum had veided to
the hot-leg centerline and established a vapor path from the upper plenum into
the hot legs. Once vapor relief through the PORVs was established, primary
pressurc began to drop rapidly. Following clearance of the loop seal in the
pressurizer-loop pump-suction leg, a nearly constant rate of pressure decay was
estublished until the pressurc dropped below the HPI shutoff pressure at 6700 s.
The vesse] liquid mass inventory during the transient is shown in Fig. 5. The
rapid inventory decrease following feed-and-bleed initiation and the inventory
building following HP] initiation are clearly shown. Core dryout occurred in
this transient whereas it did not in the first transient. Core dryout started
at 4900 s and cladding temperatures reached 820 K (1016°F) as shown in Fig. 6.
Cladding heatup was terminated at 6800 s after HPI was restored as the pressdre
dropped below the HP] shutoff head. Although the core heatup wuas terminated
before damuging the core. the criteria for a successfu] leed-and-bleed operatior
wer; not satisfied.

We ulse examined the impact of equipment failures orn the ability to
conduct a successful feed-and-bleed operation at the time of loss-of-secondary
heat sink., We found that il onlv one of the two PORVs were available. a core
drvout would occur and the feecd-and-bleed procedure would fail. We also [ound
that if only one of the two normally available HPI system pumps were available,

a core dryout would occur and the feed-and-bleed procedure would fail.

3.2 Oconee-l
Oconee-1 18 o 2584 MWt B&AW PWR operated by Duke Power Companv. The plant
has two hot leps aad lour cold Jegs.  The twe steam generators are vertical

once-throuph urpits. The reactlor coolant is circulated by four shalt-sealed
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RCPs. Ar electrically heated pressurizer

lonp.

two SRVs connected to the pressurizer outlet.

system. the LP] system and accumulators. The
Calvert Cliffs-1 ir that a large coolant [Jow
delivered at the PORV setpoint by the twc
accumulators are provided, each attached

core-flooding nezzle. Shutdowr cooling car
pressure and temperature are helow 2.5 Ml

respectively.

We examined the response of Oconee-1 to several LOFW initiators.

vase we assumed the muin feedwater flow dropped

of the transient. The time to

steam penerators occurs more rapidly than

genetators. We found the steam generators

060 s and the seconduries were

must make a decisior to initiate

turned our attentiorn to determining the

initiated later 1rn the trurnsient at

occur at about 1200 s,

Fig. 7. The decay enerpy exceeded the energy

and the pressure and temperature of the

liquid expansior compressed the steam at the

140 s the PORY opened. At 400 s. primary

Space arn

the mass flow apereased. the volumetric

generation rate 1r the core and the svystem

is corneclied to the

loss-of-secondary heat
for
could not
completely dry by 200 s
Ieed and bleed
success
primarv system seturatior.

The primary pressure during this transient

primary begar

liquid

the pressurizer and liquid began to flow out the single PORV.

[Tow wis

hot leg of one

Primary svstem overpressure protection is provided by a single PORV and

The SI system includes the HPI

HP’l system differs from that of

[26.90 kg/s (59.14 1b/s)] can be

normally used HPI Two

pumps.

directly to a reactor-vessel

be iritiated whern the primary

(365 psia) and 422 K (300°F),

In each

instantly to zero at the start

sink with once-through

systems with U-tube stear

remove the decav heat by

Because the operator

so carly irn the transiernt. we

of failure of feed and bhleed

We found this to

is showr irn

removed by the steam generators

to increase. Primary

top of the pressurizer, and at

expansion lilled the stean

Although

less than the volumetric vapor

pressurized briefly to the SRV
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setpoint at 500 s. The primary system heated to saturation at 1200 s, at which
time the operators were assumed to begpin the feed-and-bleed procedure. However.
the PORV had already been fully open for some time because of the small reljef
capacity of the single Ocoree-1 PORV. The primary pressure did not begin to
decrease until about 3000 s when the reliefl capacity of the PORV was sufficient.
Withirn the vessel. the minimum vessel liquid inventory was reached at about
1400 s and the core was refilled by 6900 s. At 7000 s, core cooling by water
flow alone was sufficient to remove the core decay energy and boiling ceased ir
the core. This is shown in Fig. 8 which shows the coolant flow becoming
subcooled irn the hot leg at 7000 s. The cladding temperature remained near or
below saturation throughout the course of tle transient. Thus, feed and bleed
initiated not later than the time of primarv svstem saturation was successfully
transitioned to a hot. holding condition.

We also examined the feasibility of cooling an) depressurizing the plant
to either RHR or LPl svstem ertrv conditions. Because ol the small PORV reliel
capacity. the depressurization was slow and arn ext;nded transiernt was
envisioned. Therefore. we used TRAC-PF1 to calculate the traunsient onlv to
14500 s. We then used linear extrapolation from the calculuted primary pressure
and temperature curves to predict that RIR conditions would be reached at
approximately 22500 s, There wuas sufficient safety-prade water storage to
complete cooling and depressurization to RUR entrv conditions.

As with Calvert Cliffs-1, we examined the impact of equipment failures or
the abilitv to conduct a successful feed-and-bleed operation. However, we
focused or the unavailability of equ:pment at the 1time a contairment
overpressure signal would be penerated. Y00 s, rather than at loss-of-secondary
heat sairk.  We did not consider PORV unavailability because Oconee-1 has only a

single PORV ard feed and bleed would not be possible with the failure ol the
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single PORV to cpen. We did examine the ability to cool and depressurize the
plart to & hot. holding conditior usirg orly one of the two HPI pumps normally
used. The decreased HPl fiow extended the time to key events. For example, the
primarv pressure did not begin to decrease unti) 4290 s. The minimum vessel
liquid mass inventory was reached at 4000 s and then increased until the end of
the calcuilation at 6800 s. The cladding temperature remained near or below the
saturatjon temperature throughout the transient. Therefore., feed and bleed was
successful in Oconee-1 if initiated at the time the containmert overpressure

signal was generated. even if 50% of the HPI capacity was lost.

3.3 Zior-1

Zior-1 is a 3250 MWt W PWR operated by CommonWCulth Edison. The plant has
four hot legs and four cold legs. The lour steam generu;ors are vertical shell
and U-tube wunits. The reactor coolant 1s «circulated by four RCPs. Ar
electricallv heated pressurizer is connected to the hot leg of ore loop.
Primary svstem overpressure protectior is provided by two PORVs and three SKVs
connected to the pressurizer. The SI svstem includes HPI and LP] capability as
well as  accumulators. Zion-1 is a high-pressure SI plant:*  twe saletv-prade
centrilugul charging pumps deiiver a total of 20.6 kg/s (45.3 1b/s) at the PORY
setpoirt, and two SI pumps provile additional safetv-grade coolant [low at

intermediate pressures.  Four accumulators are provided. each conrected to ore

“Westinghouse plants with ST shut-off pressures preater t n the PORY setpoirt
arc considered  high-pressure  (lF) S plarnts: Zyor-1 s such  a plart.
Westinghouse plants with shut-olf pressures less than 10,3 MPa (1500 psia) are
classilied as low-pressure (LP) SI plarts,  Plants with SI shut-off pressures
greater  thar 10,3 MPa but  Jess than the PORV setpoint are classified as
intermediate-pressure (1P) ST plants. Hich-pressure S systems do not have
charging pumps other than in the SI svstem. whereas LP and IP S1 plants have
separate high-pressure charging pumps which are part of the chemical and velume
cortrel svstem (norp-safety prade) rather than the ST svetem.
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of the cold legs. Shutdown cooling car be initiated whern the primary pressure
and temperature are below 3.04 MPa (340 psig) and 450 K (350°F), respectively.

Althouph many Zion-1 LOFW trarsients were calculated, we are able to
jrovide the most complete picture of 1ne plart feed-and-bleed capability for the
jrocedure initiated at loss-of-secondary heat sink. Thi~ occurred at 3000 &
wher the steam-generator secondaries boiled dry. The primary system pressure
for the event is shown in Fig. 9. With the loss-of-secondary heat sink at
3000 s, the primary pressure ... temperature bepar to rise. HPI was initiuted
and the pressure rise terminated when the opsrater opened the PORVs shortly
thereafter. The primary pressure decreased rapidly to the saturatiorn pressurc
of the hottest fluid in the primary. The rapid pressure decrease slowed and
stalled by 3200 s as the hot., nearly stagnant iiquid 1r the vessel upper head
begar to boil. The minimum vessel liquid mass inverntory was reached at 5000
at showr in Fig. 10 and the vessel reiillirg process continued urtil the end of
the calculated transient at 8600 «. Throughout the course of this trarnsient the
cladding temperature remained cither near or below saturation. In addition,
there was sufficient PORV capacitv to depressurize the primarv even while the
primarv was receiving the maximum P flow. Thus. by the end of the calculited
transient the primary was both cooled and depr-ssurize: to the RHR entry
conditions.  lNowever. the calculated cooldown rate was excesr i~ and 1t s
likely that the HPI would be throttled to slow the rate of cooldown lor this
transient.

We did not directlv studv the case of feed-and-bleed 1nitiation at primary
system saturation (4875 8) tor  Zion-1, We  did  examine  the case  of
Feed-und-bleed aritiation at the time of contarnment overpressure (4095 &) and
Pourd that the plant was successtully transitioned to a hot, holding condition.

Ve also examined a case 1n which feed only (PORV not lTocked oper but left to
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cycle at its setpoint) was used after the time of primary system saturatior.
The Zion-1 HPI deliverv rate was suflicientlv high. even at the PORV setpoint,
to terminate a core heratup. We concluded that feed-and-bleed initiated at the
timc of primary system saturation would be successful.

We investigated the impact of equipment failures on the ability to conduct
a successful feed-and-bleed operation at the time of loss-of-secondary heat sink
for Zion-1. We first exomined the flailure of one of the two PORVs ton open
With decreased PORV capuacity, less core coolant was Jlost and the minimum vessel
liquid irventoryv was less than in the nominal case. By 3500 s the vessei liguid
mass inventory was increasinpg. The c¢ladding temperuture was rnear or below
saturation throupghout the transient. Thus. the transition to a hot, hoiding
condition was successful., We also examined the unavailability of one charging
and one SI pump. With the full PORV capacity but reduced coolant injectiorn
capacity. the wvessel inventory decreased to the lowest level of the cases
cexamined. However. by 6600 s the vessel liquid mass inventory began to
increase. Apair. the «cladding temperature was near or below saturatior
throughout the transient. The transition te a hot, holding condition was apain

successful,

3.4 ll. B. Rohinson-2

i. B. Robinson-2 is a three-loop 2300 MWt PWR opcerated by Carolina Power
and Lipht Company, The steam penerators are vertical shell and U-tube units,
The H. B. Robinson-2 plant is a low-pressure $1 plant.,  We performed one LOFW
analvsis lor the H. B. Robinson-2 plant and assumed that the non-safetv prade,
high-pressere charping pumps were not avarlable.  In this configuration the
plant HPT svatem s samilar to that of Calvert €lifts-1.  The objective ol this

Prmrted analvars eftort was te verity that W three-loop plant destpes with o LI
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SI system can be successfully cooled and depressurized using a feed-and-bleed
procedure following a LOFW event.

The feed-and-bleed procedure was again initiated at Joss-of-secondary heat
sink. Because the analysis modeled a delayed reactor trip on Jlow
steam-generator liquid level, the loss-of-secondary heat sink occurred at 840 &
which was much earlier than would be the case if the reactor tripped as
designed. We assumed the operators detected the steam-generator drycut and
initiated feed and bleed at 960 s. The primary pressure (Fig. 11) quickly
decreased from the normal operating pressure to 8.2 MPa (1173 psia) and then
slowly increased from decay heat addition to about 11.6 MPa (15880 psia) at
2250 s. At that time. the upper plenum and hot legs voided sufficiently for the
upper plenum vapor to escape through the PORVs. This high volumetric vapor flow
provided pressure relief, and the primary pressure decreased thereafter,
reaching the accumulator discharge p.essure at 4490 s, The SI llow did not
start until 1030 s when the pressure dropped below the shutoff head. and stopped
when the primary pressure increased above the SI pump shutolf pressure between
1650 and 258G s, The 81 [low continued urinterrupted therealter. The mirnimum
vessel liquid inventory was reached at 3500 s and increased thereafter.  luel
cladding  temperatures remained necar or  below  saturathyon  througphout the
transient, Thus, the feed-and-bleed procedure was ellective in transitioning

the plant I'rom reactor trip to a hot, holding condition.

4. EXTENSION OF RESULTS

Detarled thermal-hvdraulic studier have been performed for at least ore
plant of cach US PWR vendor to determine if feed and bleed 18 a viable procedure
for cooling a veactor following a complete LOFW amityator. Although the
viability of o deed-and-bleed operation has been determined tor four speailin

plants, the NRC s desirous of adentitving all plants For wnich feed and bleed
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can be applied successfully. Clearly, this is an ambitious undertaking. At
least four approaches have been identified for meetiry this objective. In order
of increasing cost and effort they are (1) simple inspection, (2) enhanced
inspectiorn, (3) use of simplified plant specific models, and (4) use of detailed
models for each plant. This first approach, simple inspection, applies to
plants having characteristics similar to those for which detailed studies have
been performed. Insights from the detailed studies are heavily weighted in the
inspection process. Similar plants are assumed to perform ir the same manner as
the plants [or which detailed calculations have beer performed. Those plants
Jjudged toc dissimilar are excluded from the process and no extenriun stutements
are made for those plants. This prnLcdurc is not difficult ard 1equires littl]e
additional effort 1o complete. We have the least confidence in this approach of
the four described.

The second procedure we call ephanced dinspection. It contains all the
clements of rimple inspection but includes limited plant-specilic calculations.
The inspection process is enhanced by constructing plant specific feed-and-bleed
operating maps[7]. However. we have determined that feed-and-Dhleed operatiny
maps. althougn wuselul for enhancing understanding of the energe and mass
relatvonshaips during transients Jor which detailed transient calceulations have
been prepared, arte not useful as predictive tools[8].  Alternative approaches
for enharcingy the inspection process have not heen identified.

The third approach uses all the inspection information but emphasizes vhe
development and une of simplified plant-specific models that are inexpensive but
still capture the dominant phenomena of feed and bleed, However, such models
would still be manpower airtensive and may require an extensive data base to
ensure that the plants are properly modeled,  The Tourth approach s that taker

for the four plant-specitic studies conducted thus ftar, Detailed plant-specitig
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models are developed and plant performance simulated using a detailed systems
analysis code such as TRAC-PF1 to purform transient calcuiations. Althouph we
have the most confidence in the results produced usirng this approach, the costs
are prohibitive.

Within the time and funding constraints of the USI A-45 program. only the
[irst two approaches were investigated. As previously discussed, the techniques
that ;e had identified for enhanced inspectiorn were inadequate. Therefore., we
relied on simple inspection for our extension statements. While realizing the
inherent limitations of this method, we believe that the resultant extension
statements adequately characterize the ability of given plants to successfuily
feed and bleed. The process of extension rrom our insights about plants for
which we performed detailed calculatioas to a broader class of piarts is
illustrated in Table 1.

We have selected six CE plants for cur example: Arkansas Nuclear One-2.
Calvert Cliffrs-1 ard 2, Fort Calhoun-1, $t.  Lucie-1. and Maine Yankee, Calvert
Clifts-1 is the relerence plant for which detarled calculations have been
performed.  Calvert Clifis-2 is nearly identical to Calvert Clifts-1 and so by
simple anspection will perform similarly during leed and bleed.  Arkansas
Nuclear One-2 1s not equipped with PORVs: however., it does have a vent valve.
We were unable to determine the vent valve relielf vapacity,  Therelore we make
not extension statements for this plant. Tort Calhour- 1 has a core thermal
rating  shipghtly over  halt the Calvert Cliffs 1 wvalue. The PORV  relicel
Capac i ty/MWE as preater than Calvert Clitis-1, the shutoff head is higher, the
WP delivery rate a8 preater, and the charging delivery rate s also larper,
Because Tort Calhour 1 cither meets or exceeds the Calvert Chills-1 parameters
tdentitied as amportant to feed and bleed, we state by cample anspectiron that

feed and blecd will alse be successtful under similar crreamstances, e.p.o. 1l
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initiated no later than the loss-of-secondary heat sink. St. Lucie-1 is also
similar to Calvert Cliffs-1 and so by simple inspection will perform similarly
during feed and bleed. The last plant in Table I, Maine Yankee, is quite
different from the reference plant. 1In fact, this plant more closely resemhles
W and B&AW plants that have high-pressure Sl systems. Althoupgh not evidenced in
Table 1. a compar son of Maine Yankee with such plants leads us to state by
simple inspection that Maine Yankee can feed and L.eed successfully as late as
the time of primary system sazturation, In contrast, Calvert Cliffs-2, Fort
Calhoun-1, and St. Lucie-1, like the Calvert Cliffs-1 referenc: plant, can fe:d
and bleed successfully only if initiated no later tha: loss-ol-secondary heat
s ink.

Summary results of our feed and bleed studies are presented in Table I1.
We have previously discussed the CI results. With the exception of Maine
Yunkee, we believe the listed CE plants can successfully leed and bleed 1 the
procedure is gnitiated no later thun loss-of-secondary heat sink. We believe
that all the BaAW plants listed car successfully feed and bleed as late av the
time of primary system saturation.  The W plants present o more complex prcture
because the number of loops varv and because there are HP. 1P, and LP ST plants.
Iv peneral, we have used the detarled calculations lor Zion-1, a high-pressure
ST o plant, as the basis for extending to both four-loop and three-loop, NP S
plants, However, we  feel  less  confident with  the three-loop extension
Statements.  The H.o Bo Robinson-2 analysis was performed to poamit three types
ol extension statemertst first, to other four-loop and three-loop LP ST plants,
second, o ancrease our confidence in the three-loop, HPY S plant extension
statements, and thard, to permit us to make extension statements tor W two: loop
plants with both LP and 1Y ST systems.  Again, we have less corludence ar these

statements because we have not performed o detarled analysis for a twe Toop
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plant. In addition. we do not feel confident in making extension statements for
feed-and-bleed success at time of primary system saturation for any LP and 1P S]

plant.

s. CONCLUSIONS

As we begin our summary statements and conclusions, we wish to emphasize
that our studies have assumed that the cquipment used to effect a feed-and-bleed
procedure is available and operable throughnut the course of each transient
studied. In the wuctual plants, this assumption mav not be fullilled.
Therefore, we emphasize the nced to examine each plant in deta.] to determine if
the required equipment, instrumentatior, and procedures are in place to permit
the use of feed and bhleed as an elfective alternate if the normal cooling mode
throuph the steam gpererators are unavailable. We have concluded the [cllowing

about the feed-and-bleed procedure.

1. Feed and bleed is a potentially useful alternative method ol decay
heat removal in PWRs following the loss of normal cooling mode through
the steam genecrators. The method relies on the existence of
primary-system PORVs to provide a pathway lor the release of core
decay heat and sufficient SI capacity to deliver coolant to the

primary.

2. The avarlability  of  high-pressure S deliverv capacity preatly
enhances the reliability of the feed-and-bleed operation, Plants with
only low-pressure or intermediate-pressure S osystems must initiate
feed and bleed no later than the loss-ul-secondary heat sink.  Plants
with high-pressure SI svstems can successtully use feed and bloed

unt1l the time ol primary system saturation,
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3. PORV capacity becomes important during the transition from reactor
trip to either RHR or LPI entry conditions if only safety-prade water
supplies are considered. Plants with a single, small PORV
depressurize slower than plants with two larger PORVs. Safety-grade
water supplies may be consumed before RHR or LPI entry conditions are

reached.

4. Simple inspection is a uselul technique lor extending the limited set
of detailed plarnt-specific calculations to a broader set of plants.
However. we are less confident in the accuracy of our conciusijons
reached by simple inspection than those based or detailed

plant-specilic calculations.
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TABLE 1

Vent Valve[10]

(Capacity
Unknown)

1517

0.18

Q0

0.05

(Data from Ref. [9])
Calvert Fort
Cliffs-1,-2 Calhoun-1
56.7 69.7
1257 1387
0.16 0,19
i 0 0
i
0. 08 0.08

PLANTS
St. Muine
Lucie-1 Yankee
‘9.8 57.0
1257 2471
0.17 0.27
0 0.21
0.05 0.17
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TABLE 11

SUMMARY RESULTS

VENDOR PLANT TYPL CALCULATION EXTENSION LOSHS SATURATION

C-E 2 x 4 loop LP SI Calvert Calvert Cliffs-2 Y N
Cliffs-1 Fort Calhoun-1 Y N

Maine Yankee Y Y

Millstone-2 Y N

Pal-sades Y N

St. Lucie-1 Y N
Ark. Nuclcar One-2 N NC

B&W 2 x 4 Joop HP S1 (conec~1 Oconee-2.-3 Y Y
Ark. Nuclear One-1 Y Y

Crystal River-3 Y Y

Three Mile Island-1,2 Y Y

Rancho Seco Y Y

W 4-loop NP S1 Zion-1 Zion-2 Y Y
DC Cook-1,-2 Y Y

Trojan Y Y

Salem-1 Y Y

Haddanm: Neck Y Y
4-loop IP S1 South Texas-1.-2 \ NC
4-100p LP S1 Indian Peint-1,-2 ¥ NC

3-loop NP Sl Summe r Y Y

Shearon Harris-~1,-2 Y Y

Farley-1,-2 Y Y

Beaver Valley-1.-2 Y Y

North Anpna-1.-2 Y Y

Surry-1,-2 Y Y
A-loap LP NY | Robinson-2 Turkey Point-3,-4 Y NC
2-loop LP S Prairie Island-1,-2 Y N
Kewiunee Y NC
2-Jaop LP S1 Ginra NC NC
Poirt Beach-1,-2 NC NC

Y = Yes
N = No
N( Mo conclusion

LOSHYS = Joss-ol-secondary heat sink
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